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Description 



™ n B B ^" a . 0 " re ates J° a ^y 81 composition for converting hydrocarbon feeds, which composition 
contains a cataiybcally active material, a sulphur oxides binding material and a matrix material. Hydracar- 

SE? ? /S n "f 0,63 undera PP ro P rfate conditions in a reaction zone, in the process the catalyst 
part Ides are gradually deactivated in that as byproduct coke is formed which precipitates on the caSS 

TJlV** (Pa ?" y) d !, aCt,Vated PartideS are rem0ved *™ the'reacL . freeTtm 

volafcle components in a stripping zone, subsequently passed to a regeneration zone and, following their 

^generator, by ^combustion of the Coke with an oxygen^ontaining gas, fed back to the reaction zone. The 
^ Si , 00 ! m the re 9 eneration »™ is a «ended with the formation of sulphur oxides from sui- 
feed tlT"!! ** f?" 0n ' 9inatesfr ° m -'PHur-containing compounds in the h^mirbon 
? the sulphur oxides contained in the flue gases from the regenerator is undesirable 

^ST^n^ be ™ 9 ° ne T, ti o^^ically and may form part of the catalyst composition. 

tJ££2E!* I 9 " ° Xfd8S " W * ''" the re9eneratfo " 20 "« react with the sulphur oxides to 
form non-volatile inorganic sulphur compounds. In the reaction zone and in the stripping zone these sulohur 

be processed In a conventional manner, for instance by the Claus process 

rvJlfn w° n £ sulphur - contaIn,n 9 impounds hydrocarbon feeds often hold metal-containing com- 
pounds. During the conversion of the hydrocarbons the metals from these compounds, such as nicked 
vanadium, may precipitate on the catalyst particles and very much *»H**Zdm±^™JIZ 

SSS d^S^T h °^^ m ^ ntoMn9 entiti8S " P"-"*** with parses wWch 
^Z~Z£ "ydrocarbons. It has now been found that as compared with the results obtained with the 
composes according to EP-A 0 045 170 Improved results are obtained when an anionic clay Is used as 

%Xt£Z ?Z "" d,n9 I T t8n ' al - ACCOn,in9,y ' the C3talySt COm P 0sifion to wh '-oh the ir^entton retates Z 
^aractenzed .n that the sulphur oxides binding material contains an anfonicday.lt appears mat me omsen" 
catalyst composition is notonly excellently suitable for use in the conversion rfh^SitoSXnd2 
tut" b * "> resistant to *SSJS?53S 

SSJ^T - y precipitation of metals fr om the hydrocarbon feeds on the catalyst partides The 

of a ^S!l e v adde< l tha iii S Patent S P ecificatlon 4 497 describes a catalyst composition consisting 
sulohu^ 

22SS2Sl^f* ?"2L com P ri8i "9 M SAI 2 0 4 and/or mixtures of alumina and magnesium oxidefo 
oomblnation w* at least a free or bound rare earth metal mtmMmm^voupmm^SZSSm 
cerium, praseodymium samarium and dysprosium. lamnanum, 
US .Patent Specification 4 206 039 relates to a process for catalytically cracking hydrocarbons in which 
pound thereof and an inorganic oxide such as silica and alumina 

"® t 458 , 026 di8clos o« the use of thermally treated anionic day as an improved catalyst for the con- 
eon* to 3£5S I** ?. ta,ySt com P° 9ition acco « li "9 to the Invention has a crystal structure which 

ng cavnes between the octehedra. Among the natural minerals are pyroaurite, hydrotalcite, 
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sBchtite, reevesKe, eardleyite, sjogrenite, mannaseite and barbertonlte. The main layers of these and many 
other, generally synthetic members of the group are bunt up of specific combinations of metaJ hydroxides 
derived from on the one hand divalent cations of metals such as Zn, Mn, Fe. Co, Ni, Cu and in particular 
Mg and on the other from trivalent cations of metals such as Mn, Fe, Co, Ni, Cr and in particular Al. Alter- 
5 natively, monovalent and trivalent metal cations may be combined in the form of, for instance, lithium and 
aluminium cations In [AyJtOHkrA-bHjO (see Clays and Clay Minerals, 30, pp. 180-184, 1982). The fnter- 
layere contain anions such as NO s -, OH-, Ch, Br, h, SO*;, SiO*-, CrO*-, HPO*-, Mn0 4 -, HGaO*-, HVO*-, 
CIO4-, BO*-, monocarboxyiates such as acetate, dicarboxylates such as oxalate, alkyl sulphonates such as 

lauryl sulphonate and In particular CO*-. 
10 3 

Hydrocalumite and related synthetic compounds also have a layered structure in which positively 
charged main layers alternate with interiayers containing anions and water. The main layers are buDt up 
from specific combinations of metal hydroxides derived from on the one hand divalent calcium cations and 
on the otherfrom trivalent cations of metals such as iron, more particularly aluminium. The interiayers con- 
1S tain anions such as OH-, SO*-, a-, NO,- and in particular CO*; 

In the ettringlte group the crystal structures are based on positively charged columns between which 
occur channels containing anions and sometimes also water molecules. The columns are composed of 
specific combinations of metal hydroxides derived from on the one hand divalent cations of metals such as 
Srand in particularCa and on the other trivalent cations of metals such as Ti, Cr, Mn, Fe, Ga and in particular 
20 Al. Instead of trivalent cations the crystal lattice may contain quadrivalent silicium cations. 

The natural minerals of this group comprise ettringite. thaumasite, jouravskite despujolsite, schaurteite 
and fieischerite. 

A detailed description of the pyroaurite-sjogrenite-hydrotalcite group, the hydrocalumite group and the 
ettringite group is given In Min. Mag. 39, 377-389 (1973). 
25 The anionic clay in the catalyst composition according to the invention preferably has a layered structure 
corresponding to the general formula 



wherein M* and N*- represent di- and trivalent cations, respectively, m and n have a value such that m/n=1 
to 6 and a has the value 1 , 2 or 3, and A represents a mono-, di- or trivalent anion and b has a value in the 
35 range offromO to 10, generally a value of 2to6andoftena value of about 4. It is preferred that m/n should 
have a value of 2 to 4, more particularly a value practically of 3. 

Suitable divalent M* cations are Mg 2 *, Ca* Sr* Ba* Zn* Mn*, Fe* Co*. Ni*. Cu* and combi- 
nations thereof. Preference is given to Mg 2 * and Ca*, 

Suitable trivalent N* cations are Al* Mn* Fe* Co*, NI* Cr*, Ga* B* trivalent rare earth metal 
„ cations such as La* and Ce* and combinations thereof. Preferred is Al*, combined or not with La* and/or 
Ce*. 

Suitable A anions are N0 3 -, OH- Cr, Br, h, CO*;. SO*;, SiO*-. CRO*-. HPO*-, Mn0 4 - HGaO*-, 
HVO*-, CIO4-, BO*;, monocarboxyiates. such as acetate, dicarboxylates, such as oxalate, alkyl sulphonates, 
such as lauryl sulphonate, and combinations thereof. Preferred are CO*-,N0 3 , SO*- and OH-. 



30 



Of «f (0H) 2m + 2n ] A^. 



b H 2 0 



so 




preparation of anionic clays is described in many prior art publications, particular reference being 



made to 
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- U.S. Patent Specification No. 4 458 026 

- Acta Acad. Aboensis Math. Phys., VII, 3 (1933) 

- Helv. Chim. Acta. 25. 106-137 and 555-569 (1942) 



3 



EP0278535B1 



10 



15 



20 



25 



30 



40 



45 



50 



- J. Am. Ceram. Soc., 42, no. 3, 121 (1959) 

- Chemistry Letters (Japan), 843 (1973) 

- Clays and Clay Minerals, 23, 369 (1975) 

- Clays and Clay Minerals, 28, 50 (1980) 

- Clays and Clay Minerals, 34, 507 (1986) 

- Materials Chemistry and Physics, 14, 569 (1986). 
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wiioiiuou; anu rnysics, oeg (1986) 

mXoH)^ e ^oT^ n T^\ 9 f n f raJ,y deCOmpOSe readi,y to Some ^ Hydrotalclte 

wmmMmmm 
wtmwmm 

or palladium. Said metals may be applied to the r««rf u r^iJT c /^ pos 7° n OT 0,1 to 10 ppm of platinum 
impregnation with an appropriate JES& £ SS^SS^fl^ * SUCh 33 by 

synmeUofaujasitessuchasXandYzSLS,^ nm - ^P' 88 *en»f are 

mallyand/orchemicalTmldidz^ 

hydrothermally and/or crScaT^^^ V"* I h ° U ' d be made * * e ^ Y zeo,ites a "d 

cribed. another JlttTSZS^SSSS SEE ITS ^ ~ ** 
Engineering (London), Monograph Molecular S,ev« ' j£ n96^bv<^v n " S ^ e * of Chemi <*' 

0.5% by weight of sodium! ady ^ yStCOntem ^ 
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As examples of well-known matrix materials suitable for embedding catalytically active material more 
pardcularfy zeditlc > crystalline alumino sOlcates. may be mentioned siica. alumina, magn^^oX 
bona, aluminium chlorohydrol and mixtures thereof. Preferred are silica, silica-alumina and alumina. ' 
m J^lll 5,2! t l yHCa " y 8CtiVe 8nd the 8U ' phur oxides bindin 9 material oti ™ components 

as kaolrn bentonite clays as descnbed in U.S. Patent Specifications 3 252 757, 3 252 889 and 3 743 594 
montmorfllonlte, etc ' 

o JS L nCre ^ 8 me 0018,18 numberof 1,16 gasoline fraction produced alumina particles as described in U S 
Patent Specfication 4 182 693 may be incorporated Into the catalyst composition 

Fu f er .thecatalyst composition may contain usual amounts of one or more passivators, such as anti- 

UStal. y SerVe *° PreVen ' eXC8SSiVe f0rmati0n ° f hydro9en durin 9 1,16 conversion of the hyd- 

rneth^JnTn^"^ 01 th ^ telySt Partfc ' e8 08 C ° mbined in a "^ner known in itself. Suitable 
I" T*"' am ° n9 0th8r P,a08S ' US - Patent Specifications 3 609 103 and 3 
SrStr2 .iTn ^ ? e w V ^l US ^ mp0nent8 may be combined wiUl *e matrix material when 

Stemfl T ?J 9 Stete - ARer Prop8r mWn9 1,16 catalyst P art,cIes «■ by spray-drying 

subsequently to caused to ge prior to or during spray-drying. This latter embodiment is preferred in that it 

The size of the particles may range between wide limits. In a preferred embodiment the particle ske is 
so chosen that tm particles are fluidfeable. The particles then measure, for instance of fiwM to 150 
microns, preferably 40 to 90 microns. 

are, foTe^pT* * Perf ° nn,n9 *" above - discussed heat treatment of anionic clay-containing materials 

i) heating (calcining) anionic clay particles as such ; 

ii) heating (calcining) particles comprising the anionic clay embedded in a matrix material : 

StoX^Xnr" 00 " 18 '"'" 9 PartideS to ** imBntory ° f 3 Unit under n °™* 

These or like steps may, of course, be combined. 

In a preferred embodiment of the present Invention the catalytically active material and the sulohur 
oxides binding material are collectively present in the matrix. maiena. ana tne sulphur 

se Jr^Sh fe T 1 H embt S iment ° f * a PfeSent inV8nUon the catalytically active material is physically 
separated from the sulphur oxides binding material by composing the catalyst of 

h ™Sf ^ P ^ de8 »• cateiyKcally active material embedded In matrix material ; 

ma?e?aL Wndin9 material COmpris,n 9 1" 9 anIonic day embedded or not in matrix 

The two embodiments will be successively described below 

nJfS th8 ^! t l ytlCa, ! y . aCtiVe material and 0)6 su,phur oxides bindin S ferial are collectively incorpo- 
rated in a matrix, he sulphur oxides binding material generally consists of anionic clay particles vZSt 
separate carrier, since the matrix functions as such. paniaes witnout 

1 Ji*? 8mbodime " ttn i e catalyst composition contains anionic clay in an amountof 0.1 to 50, preferably 

m ^.^T rt,CU S y , 3 10 15 *" ^ by W8,9ht " baS8d °" *° total composition Further 

thecatelybcaliyactrverr^terial.morepartlculartymezeolifc 

erally be h,gher according as the feeds to be cracked are heavier and will generally beT^range^f 5 to 
50. more particularly 10 to 30 percent by weight, based on the total catalyst composZ ' 

lndi^Z°n n ner! ay B " m ** — ^ mo " part,0U,ar * Cerium - * a Previously 

« JUV**!? 0 *"* SCtiVe mat8rial fe prBferab| y a zeolltically crystalline alumino snicate. more particularly 

SSTiT or an 6 zeo,ite exchan9ed wiU1 rare earth meta,s and/or amm ° ™» risss 

sprayS* mBttiX materfalS ^ S " ICa ' SiliCa - a,umIna or alumina - Wich can best be caused to gel during 
In a second preferred embodiment the catalyst is composed of - 

a) catelytlcally active particles comprising the catalytically active material embedded in matrix material- 

b) particles of sulphur oxides binding material comprising the anionic clay embedded Tr n* 



EP 0 278 535 B1 



material. 

ina ^SSST^'T^" 0 , t °, the fnVenti ° n h3S thB a ^ntage that the amount of sulphur oxides bind- 
Z £11 I 6 T. S ' mpIy b8 adapted to thB feed to be processed. It is preferred 

^ 1 y !. h0,J,d b8 emb6dded in 3 matrix material ° rder to °^'n Proles of the^nsX 
TELSSE? a l Part,de 1 sfee envlsa 9 ed - Ve, V Citable is a physical mixture containing : 

^SSV^^S! 8 COmpriS ' n9 6 1 ° 80, preferab, y 10 1040 P^cent by weight o>catalyticaily 
10 to 30 per cent by weight of matrix material; y 
? '! a ? C !^5^" PhUr 0Xid6S bindi " 9 materiaI com P risi n9 1 to 99, preferably 20 to 80 and more nar- 

toS'le^^^^ 
1 to ^preferably 5 to 60, more particularly 8 to 20 per cent by weight of matrix material 

It is Preferred that the sulphur oxides binding material and particularly the anionic clay therein should 

be promoted with rare earth metals, such as cerium and/or lanthanum, preferably cerium in tteZvToSlv 

bculany a type Y zeolite or an ultrastable zeolite exchanged with rare earth metals and/or ammonium ions 
or hydrogen Ions. A preferred matrix material to be used in both types of particles is sDta fdSTmtE 
or alumina, which can best be caused to gel during spray-drying silica-alumina 

VIII £5,1 "IS! ""t?" u, b0th t yP es ^ P artJc, es <rfthernixture should contain a noble metal of group 

The two types of particles may be given different diameters. For instance, the catalytlcally active oar- 
tic.es may have a diameter ranging from 80 to 125 microns and the particles o sulphur 2£u£ Z- 

Sl J SSL T . T m 30 to , 75 microns - ,l is prefetred ** * e *+*£SS£Sz 

types of particles should be approximately the same. 

To increase the octane number of the gasoline product fraction of a feed to be cracked in all 40 and 
ESS to ,!f P-cent by weight of alurnlnfum oxide particles may be incorporated in thVStalys co^ 

oxides binding matenal, the alumina particles may be incorporated in both types of particles 

B .,iU 8 !? a,S T lates to an absorbentfor sulphur oxides, which absorbent may be used for treating 

f « ^r° 0nta,nin9 9aSeS 88 flue 9ases resu,t, "9 **" combustion processes, for MM 

S^TSU; fSS on* ° to 70 P8r ^ by We,9M ° f n0n - ani0nic and 1 to 99. preferably 5 to 60 
more particularly 8 to 20 per cent by weight of matrix material. The anionic clay, the non-anionic day and 
the matrix matenal have the afbre-described composition or preferred composition 
«nJ21f^! I^UT* be resenerated bv usl "9 hvdro 9 e n. ^ which process the bound sulphur oxides are 

r^!. , y J' PUrP0Se ° f C ° nVertin9 Mrocarbon feeds. Such a combination m*£SSS£ 
a catalyst composition according to the invention. ' 

The catalyst composition according to the invention is suitable to be used in processes for the conver- 
mg hydrocarbons, such as LPG, gasoline and dieselofl(LCO) croons in iow-doii 

atfaSft B Venl 2J??K!?: a ^ th ° Se menti0nBd in " Ruid wit " "»lite 

a „H o ^^^"^tockshavea boiling range ofup to over480«C. a density higherthan 900 kg/ m 3 
rangeof30^00.C. mixed ornotwfthsulphurandmetal-containing residues, such a'sln atZXnS 

2TT , ° n ! eedStocte 9eneral, y contain variable amounts of sulphur. The catalyst composition 
according to *» Invention is suitable notably for cracking sulphur^nteining hydrocarbon feed?Te Teeds 

In addition to sulphur hydrocarbon feeds often contain metals (Iron, vanadium nickel cbooer etc ^ in 

may contain more than 1 00 ppm of metals. The present catalyst composition displays satisfa^r**^« 
to deactivation caused by metals contained in the hydrocarbon feed? satisfactory resistance 

Catalytic cracking of feeds is generally conducted at a temperature in the range of 375° to 650'C, more 
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Particularly 4W> to 560«C. The pressure applied is generally between atmospheric pressure and a pressure 
of 7 atmospheres, more particularly between 1 and 3 atmospheres. Oxidative regeneration of the catalyst 
^Posttionj witt loxygen-contalnlng gas is generally earned out at 540° to 825-C, more particularly 700° 
to 750"C and in the presence of steam. y 

5 

Example 1 

In this Example the preparation of several anionic clays is described. 
10 Preparation of clays having a hydrotalcitB-llke structure 

A 20 1 stainless steel reaction vessel was charged with 5000 ml of demoralized water. After heatinq 

Slim S^^T add6d to itOV6ra peri0d " 1 ho«r and with stirring a solution of 2.5 moles of 
AI(NQ* • 9H 2 0 and 7,5 moles of MgfNO^ . 6H 2 0 in 5000 ml of demoralized water and a 50 wL% solution 
of sodium hydroxide In water, the latter solution in such a quantity as to ensure that a reaction mixture pH 
of about 10 was obtained. The resulting reaction mixture was aged for one hour at 65°C. Subsequently the 
precipitate was filtered and washed with demoralized water. After drying at 120 o -125"C the product was 
subjected to chemical and X-ray analysis which confirmed the hydrotalcite-like structure (abbreviated : HT- 

The corresponding sulphate (HT-S0 4 ) was prepared In the same way as described for HT-N0 3 , except 

- the reaction vessel was Initially charged with 3000 ml of deminerallzed water instead of 5000 ml • 

- the solution containing magnesium nitrate and aluminium nitrate was replaced with the following two 
solutions : i) a solution of 20 moles of MgSO, ■ 7H 2 0 in 7000 ml of demoralized water ; and II) 1560 
ml of a solution in demoralized water of sodium aluminate containing 6.66 moles of said aluminate 
calculated as NaAI0 2 . 

[AljLKOHJ&CQa (abbreviated : HT-AILi) was prepared in the same way as described for HT-NO, 
except that 1) the amount of the aluminium nitrate used was 2 moles instead of 2,5 moles and ii) the mao- 
nesmm nitrate was replaced with 1 mole of UNO3. ' 3 

The structures of both HT-S0 4 and HT-AIU were confirmed by chemical and X-ray analysis. 

Preparation of a clay having a hydrocalumite structure 

h^tti 1 ^'^? 6 ^ ^11^ VeSS81 W8S Char96d *•* 1500 "* °f ^mineralized water. The water was 
oM r? ™ l! J ^?mo? °?» r to * ° Ver 8 Peri0d ° f 30 minutes and wlth stirri "9 a ^lullon 

ll^TJ ? 1 ^ '^ Z ° and 0,5 m0,eS ° f M{NO & • GU *° in 1000 mI of ^mineralized water and 
Z^Z-T ° f 8 ? WL% Na ° H 80lUti ° n W3ter 83 to resu,t « PH of 10 in the reaction mbcture. Tne 
resulting reaction mixture was st.rred for another 1,5 hrs at 65«C. Subsequently, the precipitate was filtered 
off, washed with demoralized water and, finally, dried at 125°C. The product obtained (HC) had the hyd- 
40 rocalumite structure, as was confirmed by X-ray and chemical analysis. ^ 

Preparation of a clay having an ettringite structure 

A 20 1 stainless steel reaction vessel was charged with a mbcture of 800 g of crushed ice (made from 
TSST WatB ?l nd ™* "* * demi " eraI,Zed ^ter. Over a period of oL hour there were added S 
it. with stfmng. a solution of 2 moles of AI(N0 3 ) 3 • 6 H 2 0 and 6 moles of Ca'NOg), • 4 H 2 0 in 2000 ml of 
demmemlKedwater.asoluHonofamoO^^ 

I IZVr^^l 1° Wt% Na ° H 88 10 reSU,t in a PH of 10 In the reaction mixture. After the addZ 
of the various Ingredients the temperature of the reaction mixture was about 25»C. At this temperature stir- 
so ring was continued for another hour. temperature stir- 

dri J^Iir?;?-^"" 9 P !; eClpItata W3S ffltered ° ffl Washed w,th ^mineralized water and. finally, 
. H and' S£SS£ CT ^ - — " - ^ * 
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Example 2 

Preparation of catalyst compositions (physical mixtures) 

Use being made of the clays HT-S0 4 . HT-AIU. HC and ET described in Example 1 four catalyst comDo- 
siflons according to the invention were prepared consisting of • tour catalyst compo- 

na^ttl KM£> h 5 «' 8 Standa ' d FC ° 03131X81 (BX Ke5en Cata| y sts - The Netherlands) containing 5 
ppm of platinum oxidation promoter and having the following particle size distribution : 



Jim 


< 20 


< 40 


< 80 


< 105 


< 149 


% 


< 4 


19 


66 


89 


98 



20 b l 5 S.* ^ flu,dizable Dartic,es consisting of 60 wL% of the anionic clay and 40 wt % of a matrix in 
whichfteclay was embedded, said matrix consisting of 75 wt%of kaolin dayand25w\%ofTu2na 

Ss : m Ch,0rahydro1, PartiC,B Sfee d ' StribUti0n * SaId Sets be^ng as 



25 
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< 40 


< 80 


< 105 


< 149 
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< 2 


12 


53 


67 


98 



- mDling the slurry ; 

40 - spray drying the milled slurry ; and 

- calcining the spray dried particles for about 2 hrs at BOCC 

lJc^J^^l MnQ C8,C f ied Partid8S Were SU ' b J ected to a heat treatment for 17 hrs at 
Test procedure 



so 



- a nitrogen stream for 5 min ; 

- a hydrogen stream for 10 min ; and a nitrogen stream for 5 min. 
The flow rate of each stream was 145 ml/min. 



8 
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The passage of airserves to liberate physically absorbed sulphur oxides from the test equipment • the 

Pa !?u fle u°!. n " r09en gaS SefVeS to P"" 8 "' oxyflen and h y dro 9en from being mixed in the test equipment ■ 
and the hydrogen gas serves to liberate the catalyst composition from bound sulphur oxides 

The amount of sulphur oxides bound by the catalyst particles was determined indirectly by analysis of 
the S02^ntemmg gas stream using conventional titration techniques employing aqueous solutions of H 2 0 2 
and. for bacMrtrahon purposes, aqueous solutions of NaOH. it was found that during the first few cycles 
the amount of sulphur oxides bound tended to fluctuate. However, after 3 cycles constant or slowly dec- 
reeing readings -depending on the nature of the sulphur oxides binding material used - were reproducing 

10 In the Tables below one or more of the following data are given : 

- % of SO, (sulphur oxides) bound after 5 cycles, i.e. the proportion of sulphur oxides bound by the 
catalyst during the fifth cycle ; 

Z % "1 °^ Und aft6r 30 ° r 120 cydes ' Le - ^ Proportion of sulphur oxides bound by the catalyst 
dunng the 30* orthe 120* cycle ; these data are of importance to assess the resistance to deactivation 
is of the material in question by repeated cycles of binding sulphur oxides and liberating sulphur oxides 
The testresults obtained with thefourabove-described catalyst compositions according to the invention 
after 5 cycles of gas streams are given In Table 1 , each catalyst composition being denoted by the anionic 

k^ US ! 1 , < ex P eriment8 2 " 1 to F °r comparative purposes the Table also gives the test results 
obtained by Just using the KMC-25P catalyst (experiment 2-5). 



Table 1 



25 





Exp. 


Clay 


% S0 X bound after 5 cycles 


SO 


2-1 


HT-SO4 


90 




2-2 


HT-AlLi 


58 




2-3 


HC 


74 


35 


2-4 


ET 


72 




2-5* 


none 


30 



40 



Comparative experiment: only KMC-25P was used 
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In the fol owmg Examples any reference to Example 2 means that the preparative and/or testing pro- 
cedures employed were the same as those described in Example 2. except, of course, for the differences 
I : , f*'? Sfee distributions <* the components making up the catalyst compositions 
£ EXa ( T P eS t a " d 8 - Vfc ^P 0 "^ ^'n'ng the catalytically active material and the 
SZS T ~ nta '" ,n 9 *f 8 "'Ph«r oxides binding material(s), were in the same ranges as those given in 
Example 2 under a) and b), respectively. 

Example 3 

In this Example the sulphur oxides binding properties of a catalyst composition in accortance with the 
Inventor, .are compared with those of certain prior art materials and L uniqu^latlonshrbelwrnr^c 
clay structure and sulphur oxides binding capacity is demonstrated "en anionic 

rrih J* "flff^ 0 " accordin 9 to tne '^ntion (experiment 3-1) was the same as the one des- 

cnbed in expenment 2-1 of Example 2, i.e. 

95wt%ofKMC-25P; 

m^mHSSH Pa M d8S « mP ° Sed ° f 60 Wt% of HT ' SO < and 40 of a matrix in which the 
HT-S0 4 was embedded, said matrix consisting of 75 wL% of kaolin clay and 25 wt.% of aluminium 

9 
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10 



15 



20 



alia, MgAI 2 0 4 -spinel {see EP-A 0 045 17m JnnT 7 P ox,des - bir Kiing material, of, inter 

aiuminaTs^e for eTaiSe US tiimTfiXSSlSL ^ ° 4 153 535) 3 " d partiCU,ate 9 amma 
•ainfngsuchpriorartma^ 

in Example 2. Prepared, use being made of procedures analogous to those described 

For experiment 3-2 the following composition was used 
95wt%ofKMC-25P; 

aesp^S^ 

chJorohydrol-dertved alumina. 9 ' ^ /o rf ka °" n day and 17 ' 5 «** * aluminium 

For experiment 3-3 the following composition was used 
95wL%ofKMC-25P; 

?3*iSf J^ e . partteles consls " n3 0,30 wt% * » a ' ta ' late "so. 

cMoiWrrtraWarfced alumina " 4 ""••"»<■» <*/ and 17,5 wt% of aluminium 



Table 2 



25 



30 



35 



Exp. 


Clay/Additive 


1 X S0 X bound after 


5 cycles 


30 cycles 


3-1 

3-2* 

3-3* 


HT-S0 4 

MgAl 2 0 4 - spinel 
MgO + gamma AI2O3 
—————— —1 


90 

37 
76 


72 
_+ 

43 



40 



* Comparative experiments 
+ Not measured 



Example 4 



45 



50 



day used itareh . ht-so, hi a Ma JTatol ££?.T^ oxpartmMt 2-1, axea« that tha anionic 
Ins oarareat Mg a*, atomic rato 'Ii^JSl^fn : '™ s ™P'=»a«»tth)*olalclwii < acla^hav- 

in Example 1 for HT-SOa exceot that annmnri!* T , ,4 r Both d **» were prepared as outlined 

were employed. **cept mat approbate «"°"nts of magnesium sulphate and sodium aiuminate 
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Table 3 



Exp. 


Clay; Mg:Al 


X S0 X bound after 5 cycles 


4-1 
4-2 


HT-S0 4 ; 1,5; 1 
HT-SO4; 4.4:1 


84 

87 



Examplo5 

Table 4 below, third column, lists the fesults of experiments carried out using the procedures described 
In Example 2 and employing catalyst compositions similar to the one used in experiment 2-1, except that 
.) *e standard catalyst KMC-25P was replaced with KMC-25 (ex. Ketjan Catalysts, The Netherlands) which 
° 1Z KMC " 25P in » tains no platinum promoter ; and ii) the anionic clay - HT-S0 4 having 
an M* :N* atomic ratio of 3 - was replaced In experiments 5-1 to 5-7 with some other hydrotalcite-like clay 
also having an M* :lsP* atomic ratio of 3 and having the characteristic as set out below 

In experiment 5-1 use was made of HT-N0 3 , the preparation of which is described in Example 1 

in experiments 5-2 to 5-7 use was made of clays similar to HT-N0 3 , except that In these clays theW + 
or Alstons had been partly replaced with other divalent or bivalent ions. The synthesis of these clays was 
carried out using the procedure set out in Example 1 for HT-NO3, except that part of the magnesium nitrate 
or aluminium nitrate was replaced with an appropriate amountof the nitrate salt of the replacement ion envis- 
S Ta S e „ 4 * he re P |aceme "t tons used are mentioned along with the amounts - calculated as metal 
oxide - In which they are contained in the resulting clay In wt%. 

In comparative experiment 5-8 use was made of a catalyst composition similar to the one employed in 

STS^Stl^"^ Hf "If ani ° n,C d3y h3d b8en rep,aC6d With a ma 9 nt *lum, aluminium-con- 
tain tog spinel which further contained 7 wt% of cerium, calculated as Ce 2 O a and based on said cerium- 

eontainmt ! spinel, in accordance with EP-A 0 110 702. In comparative experiment 5-9 use was made of the 
standard FCC particles only. 

The object of these experiments was to investigate whether, and if so, to what degree the replacement 
Ions In question, which Ions had been selected on the basis of their known redox capabilities, are capable 
of oxidmng the SO, into S0 3 and hence to assist in binding the sulphur oxides. As follows from the results 
in he third column of Table 4, the most favourable results were obtained with cerium (exp. 5-7). It further 
follows from a comparison between the experiments 5-1 and 5-8 that even the HT-NCvcontaining catalyst 
composition displayed far better properties than the composition according to EP-A 0 110 702 containina 
a cenum-promoted spinel. a 

P 16 ^^" effloienc y 01 several ofthB ^Placement ions in question was further assessed by sub- 
sisting the p atinum-promoted KMC-25P catalyst in the respective catalyst compositions for the KMC-25 
catalyst The test results are given in the fourth column of Table 4. 
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Table 4 



10 



15 



20 



25 



Exp. 



Clay (replacement 1on) (wt.%) 



% S0 X bound after 5 cycles 



using as 


catalyst 


KMC-25 


KHC-25P 


50 


90 


50 


71 


66 


78 


65 


_+ 


60 


_+ 


70 


_+ 


93 


93 


23 


_+ 


11 


30 



5-1 

5-2 

5-3 

5-4 

5-5 

5-6 

5-7 

5-8* 

5-9** 



HT-N0 3 

HT-NO3 (Cu2 + ) (6,4 as CuO) 
HT-NO3 (Fe2 + ) (8,6 as Fe 2 0 3 ) 
HT-NO3 (Fe3+) (5,6 as Fe 2 0 3 ) 
HT-NO3 (Cr3+) (2,6 as Cr 2 0 3 ) 
HT-NO3 (Mn2+) (10,8 as HnO) 
HT-NO3 (Ce3+) (6,5 as Ce 2 0 3 ) 
Mg, Al-spinel (Ce 3+ ) (7 as Ce 2 0 3 ) 
none 



30 



* Comparative run 1n accordance with EP-A 0 110 702 
** Comparative runs; only KMC-25 or KMC-25P was used 
+ Not measured 
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40 



45 



50 



Example 6 

c °J" po f itfons simi,ar to «» °ne used In experiment 2-1 of Example 2 were prepared exceot 
that I) they contained the KMC-25P catalyst in an amount of 90 wt.% and the fluidfcable HT so^nS 

^Ln?rf = ? I ° X 83 by SUbJecUn9 the "T-SO^ntainlng particles, after spray drying and calci- 

2Sm£2T* *• f ?, Rdard impre 9 nation ste P ^P'oy'ng aqueous solutions of Z dearth metal 
salts followed by a second calcination step (600 8 C, 2 hrs). 

hnmlll^ ea *, meta ' salt f ^ed are given in Table 5. together with theiramounts in wt.% based on the 
onpregnated particles and calculated as RE^. The sulphur oxides binding properties were determined in 

90 vvL%of KM a f>25P 2 ZT?^ *" ^ 3 "S J 

wit ™ 1* ™ f and 10 wt% of HT-S0 4 -contalning fluidizable particles which had not been provided 
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Table 5 



Exp. 


Clay impregnated with 


Ht.X RE 2 0 3 


6-1 


no impregnation 


0 


6-2 


Ce(N0 3 )3 . 6H2O 


7 


6-3 


La(N0 3 } 3 • 6H 2 0 


7 


6-4 


mixture A* 


7 


6-5 


mixture A* 


2 


6-6 


mixture &** 


7 


6-7+ 







X S0 X bound after 120 cycles 



55 
89 
58 
84 
61 
86 
.15 



20 * Mixture A: LaCl 3 , 53 wt.X; CeCl 3 , 18 wt.X; PrCl 3 , 10 wt.X; NdCl 3 , 
18 wt.X J 

** Mixture B: La(N0 3 ) 3 , 13 wt.X; Ce(N0 3 ) 3 , 72 wt.X; Pr(N0 3 ) 3 , 1 wt.X; 
Nd(N0 3 ) 3 , 14 wt.X 3 
25 + Comparative experiment, only KMC-25P was used 



30 



35 



Example 7 



n^Z^fr^ 8 flUidizab,e C8ta,ySt «»W«Mon according to the invention was 
^Zttl^f^o- 'I Wt% , 0fCenUrn Nregnatedfluidizable HT-S0 4 -contafning particles as del! 
cnbed for ^expenmeni .6-2 in Example 6, 20 wt% of an ultrastable Y zeolite and 70 wt% of a matrix in whtoh 
said particles and said ^zeolite were embedded, said matnx consisting of 85 wt.% of 

pZTi u ^^ 



lim 


< 20 


< 40 


< 80 


< 105 


< 149 


X 


1 


16 


64 


73 


98 



ii 86 b8 ! n « m !? 8 ° f convenHonal techniques, the particles were subsequently impregnated with an 
«, Z.T 01 Chloro P |atin,c add - "»» WHS ^d calcining the resulting paSS d 5 pl 

so of plabnum w,th respect to the final particles and calculated as elemental platinum, 

FlnaDy, the catalyst was subjected to the heat treatment in the presence of steam and to the test om 

! n8din ^ mp,e2 -™ n9 ^ 

ss Example 8 

o. B l 8 r P,e d ° scribes **** results obta ''ned in a circulating fluid bed catalytic cracking pilot plant In 
suchaptent the cata.ystpartic.es are contacted with a hydrocarbon feed in a rea^or^z^^^ 
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sssss: ssssxsa partdes gradua,,y become — 

«lJtan»Uh ^^ZS^LlThS Z0 " e T ln,rodUCed int ° 3 SWppin 9 2006 *J 
for combustion o th cTewS an 'Z^!^^? Pm ^ mfMtemn ^ a ^^ 
s tides are fed back to me re 3o„ zon? "° reSU,Hn9 ' re9enerated par- 

suiprrSlTene^ 

bound to the cato^^eXSTZsZ^nX^l T** Part ° f *• ■"!*«»«*«•• is 
Emitted from me^ 

W R M l!! tP *! nt CanrlBd ° Ut USin9 We fol,owln 9 conditi °ns and feedstock. 
Reactor temperature : 545X (inlet) - 520X (outlet) 

Stripper temperature : about 500°C 

Regenerator temperature : about 700 o C 

Feed rate : about 12 g/min 
is Catalyst to oil ratio : about 6 

Vol.% 0 2 in regenerator : about 3 

Stripper steam : about 0,25 g/min 

Pressure : about 1 atmosphere 

Feed preheat temperature : about 275°C 
20 Reaction time : about 1 0 sec 

Stripping time : about 10 mln 

Regeneration time : about 30 min 

Feedstock : Kuwait VGO 

S-content : 2,9 wt.% 
25 Density : 940 kg/m 3 

Conradson Carbon Residue : 0,63 wt% 
Initial boiling point : 370°C 
Final boiling point : 582°C 
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oravlooer, teen IviJSSmSXS^SS. L'^^^ , ^f ml ™™^»l**<»Wyrtha 1 l 
operation. Analysis o^e^^Z? ** """"■"a **« normal commercial FCC 

en»««T5^^^ 

perlmenie-2l„ Example™ i^wZnra^l??^ ™^™*^ similar fctnat deserted for ex- 



Claims 



55 



sition which corresponds to the geneSformuS charactenzed *• anionic clay has a compo- 
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U£ H ? (0H >2m ♦ 2n3 aJ^. b H 2 0 

wherein M 2 * and N»* represent di- and trivalent cations, respectively, m and n have a value such that m/n= 1 
to 8 and a has the value 1 , 2 or 3, and A represents a mono-, di- or trivalent anion and b has a value in the 
rangeoffromOtolO. 

4. A catalyst composition according to claim 3, characterized in that m/n = 2 to 4. 

5. A catalyst composition according to claim 3 or 4. characterized In that M represents one or more met- 
als selected from the group consisting of Ca and Mg, and N represents Al or A) in combination with La and/or 
Ce. 

6. A catalyst composition according to any one of the claims 3 to 5, characterized in that A represents 
one or more anions selected from the group consisting of CO*-, N0 3 - SO*- and OH-. 

7. A catalyst composition according to any one of the preceding claims, characterized in that the anionic 
clay has been heat treated. 

8. A catalyst composition according to any one of the preceding claims, characterized In that the sulphur 
oxides binding material contains one or more rare earth metals or compounds thereof in an amount of 0,05 
to 25 per cent by weight, calculated as the total amount of rare earth metal(s) based on the anionic clay. 

9. A catalyst composition according to any one of the preceding claims, characterized In that the catalytl- 
cally active material contains a zeolitically crystalline alumino silicate. 

1 0. A catalyst composition according to any one of the preceding claims, characterized in that the matrix 
material consists of silica, silica-alumina or alumina. 

1 1 . A catalyst composition according to any one of the preceding claims, characterized In that the catal- 
yst composition additionally contains an oxidation promoter. 

12. A catalyst composition according to claim 1 1 , characterized in that the oxidation promoter is selected 
from the group consisting of palladium, platinum and compounds thereof. 

13. A catalyst composition according to any one of the preceding claims, characterized in that the 
catalyticaJly active material and the sulphur oxides binding material are collectively present in the matrix 
material. 

14. A catalyst composition according to any one of the claims 1 to 12, characterized in that the catalyti- 
cally active material Is physically separated from the sulphur oxides binding material by composing the catal- 
yst of: 

a) catalytically active particles comprising the zeolitically crystalline alumino silicate embedded in matrix 
material ; 

b) particles of sulphur oxides binding material comprising the anionic clay embedded or not in matrix 
material. 

15. A catalyst composition according to claim 14, characterized in that the particles of sulphur oxides 
binding material comprise 1 to 99 per cent by weight of anionic clay, 0 to 70 per cent by weight of non-an ionic 
clay, and 1 to 99 per cent by weight of matrix material. 

16. A catalyst composition according to anyone of the preceding claims, characterized in that the catal- 
yst composition Is fluidizable. 

17. An absorbent for treating a sulphur oxide(s)-containing gas, characterized in that the absorbent has 
the composition of the sulphur oxides binding material as defined in claim 15. 

18. A process of cracking a sulphur-containing hydrocarbon feedstock In the presence of a catalyst 
composition according to claim 16. 

19. Use of an absorbent according to claim 17 for treating a gas which contains SO,. SO a or a mixture 
thereof. 



AnsprQche 

1. Katalysatorzubereltung aim KonverBeren von Kohlenwasserstoffen, welche Zubereitung ein kataly- 
tisch akthres Material, ein Blndemittel fur Schwefeloxide und eln Matrixmaterial enthilt. dadurch gekenn- 
zelchnet, dass das Bindemittel fOr Schwefeloxide einen anionischen Ton enthSIL 

2. Katalysatorzubereitung nach Anspruch 1, dadurch gekennzeichnet dass der anionische Ton eine 
krystelIineStoJktorderPyroaurit-Sj5grenit-Hydretaldt-Gnjppe,derHydrocalumit-Gm 
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Gruppe hat 

[H f N f ' 0H )2™ ♦ 2nJ Aj" 4 - b H 2 0 



10 



una b Wert ta Stah ™ 10 hlT * """^ * **» <«» 

mMnm Vfcn(«) saws* 1 eoj. £Z£SZ£££?^ Seten,Eek3 "' M ' *» A * °*» 

« .ml^'^^"™*" 16 ^ 

— * *5K2S5"" " " fe *■ — — TO" In Matrixma- 

bis S9 SM MaWxmatarlal "IbT a " k "" sd ""' T »"' <"* ™ Gew.% nlcht-anlonlschen Tor and 1 
Anspn** 15 hal. toanrnansatzung to Brnderndtals (Or Snhwafaloxlda garnia* da, Dafiniean In 
MjSSo7^t Ab, ™ taM — " - Behandlung „ Sas. daa SO, S0 3 adar 
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Revindications 



t 



Une fT p0Slb0n «»Wy*H» PO"r «a conversion d'hydrocarbures. ladite composition contenant un 

carectensee en ce que le materiau de liaison des oxydes de soufre contient une argiie anionTque 

2. Une composrtion cataiytique selon la revendlcation 1, caracterisee en ce que 1'araDe antonmua Dr A- 

[ M m 2+K „ 3t <™)2„ ♦ 2,X/.- M, 2 0 



dans laquelle : 

M*» et representent respecBvement des cations di- et trivalents ; 

m et n ont une valeur telle que le rapport m/n soit egal de 1 a 6 • et ' 
a a la valeur 1, 2 ou 3 ; et 
A represents un anion mono-, di- ou trivalent ; et 
b a une valeur de I'ordre de 0 a 1 0. 

de 2 4 a 4." 8 COmPOSiti0n sel °" revendlcation 3. caracterisee en ce que le rapport m/n est egal 

5. Une composition cataiytique selon la revendlcation 3 ou 4. caracterisee en ca «.« ka . 
aTu^ UXCh0 '" SdanS,e9roUPe ~ 

en Jaue n 3tS^. Catalyt 5 UeSe, r '' Une ( " Jelcon ^ e des "venditions precedentes, caracterisee 

to2e ItS™ " mpOS6s - en une W*" de 0,05 a 25-/. en poids, calculee a pS 5e la qS 
totaie des metaux du groupe des lanthanides par rapport a I'argile anionique. 

an J' Une . °° m ff ! ition oa te'yHq«e seion I'une quelconque des revendications precedentes caracterisee 
en ce que le materiau catalytiquement actif contient un silicate d'alumine crista! ZZZ CmMm * B 
an U ™ ™ m fx*> b ™ cataiytique selon I'une quelconque des revendications precedentes" caracterisee 
en ce que le matenau foment matrice consists en sillce, silice-alumine ou alumine 

en cs Ca tT!? Ue Se, ° n '' Une « U8lconq - ue des revendications precedentes, caracterisee 

en ce que la composition cataiytique contient en outre un promoteur d'oxydation 

da J„ «^oTr >Sit, ? n cataIyBque se,on la revendication 11, caracterisee en ce que le promoteur d'oxy- 
dation est choisi dans le groupe consistant en palladium, platine et leurs composes prom0teur oxy 

13. Une composition cataiytique selon I'une quelconque des revendications oreciSdente* „»^. 
«"/ le materiau cataiytiquement actrf et le materiau de liaison ZS£i "2 ISZSSESZ 

ment presents dans le materiau formant maWce. conective- 

14. Une composition cataiytique selon I'une quelconque des revendications 1 a 19 ^.^m^ 
pTlrSonTul^ 

por^dt^ 

ounonl^rsre^ 

m Jr| 5 ;,, U r.!T P0 ! iti0n Ca ! a,vti( ' ue se,on ,a revendlcation 14, caracterisee en ce que les particules du 

«„ rS 2 ^ OXydeS d8 C ° mprend de 1 * " % en P° ids anionique S 0 a ?0% 

en pows cfargUe non anionique et de 1 a 92% en poids de materiau formant matricT 

16. Une composinon cataiytique selon I'une quelconque des revendications precedentes carartfri^o 
en ce que la composition cataiytique est fluldfsable natcanons precedentes, caractensee 

17. Un absorbent pour le traitement d'un gaz contenant des oxydes de soufre. caracterise en ce que 



17 



EP 0 278 535 B1 



18 



